DURATION-TIME of surgical operations is frequently a factor which ought not to be disregarded. Just as the aged person, forced to bed by an immobilizing accident, may develop hypostatic congestion of the lungs and anoxia in a few days' time, so the individual lying on an operating table with his respiratory and circulatory functions and metabolism depressed by an inhalational anesthetic or by spinal block analgesia may develop pneumonia, but in a much shorter time. Whether he does so or not depends upon a number of factors, including the type and duration of the operation, the anaesthetic agent and its mode of administration, the depth of ancesthesia, and the extent to which physiological processes are deranged.
is growing up a group of younger surgeons in wholetime hospital service who, untrammelled by the rush of competitive surgery, develop what might be called an easy-going tempo. The same might be said of some of the younger generation of anaesthetists who tend to over-elaborate their part and so extend unnecessarily the time during which the patient is under the anaesthetic.
In the first place then, reference must be made to avoidable delays, particularly the tiresome minutiae which sometimes prolong the interval between the commencement of the anrsthetic and the making of the first incision. For example, in the matter of endotracheal technique, the anaesthetist must ensure that the patient is fully anaesthetized before trying to intubate the trachea. While it is frequently easy to intubate rapidly the patient whose cough reflex still remains active, it is not, for various reasons, the best practice. One feels that the inexperienced anasthetist is often tempted to save time but only wastes it by premature attempts at passing a tube. Agfain, in attempting blind intubation under pentothal sodium, time is frequently wasted because of the tendency for laryngeal spasm to occur after an abortive first effort. It ought to be unnecessary, but unfortunately it is not so, to warn the enthusiast against wholesale intubation. To spend time passing endotracheal tubes in cases where such a method is not essential, -is unjustifiable and helps to-bring ,into disrteroueof the. most #valle,;methods; of anaesthetic administration available to-day.
Again, in the second stage of induction, there is often a hesitancy in the management of the anasthetic. The struggling and breath-holding accompanied by anox-mia which sometimes occur during a lengthy second stage, may produce deleterious effects such as raised intracranial tension and its sequele, especially in hypertensive patients. On this account, recovery from the anaesthetic, let alone the operation, may be considerably prejudiced. Prolonged anoxzemia must be avoided in all cases, chiefly because of the cerebral trauma that may ensue (Courville, 1936; Schreiber, 1939; Lowenberg and Zbinden, 1938) . The relative oxygen lack which may occur in patients with a high oxygen demand, for example in hyperthyroidism and other states where the metabolic rate ifs raised, is less easily discerned but is all the more serious if allowed to continue for any length of time.
Prolonged deep anaesthesia involving saturation of the tissues, with ether for instance, affects adversely the utilization of oxygen by the tissue cells and initiates tissue asphyxia. Gill'is "law of diminishing rosistance" (Gill, 1906) , which stated that "the amount of a drug required to produce a given depth of anaesthesia diminishes with the time of its administration", might in the light of present-day physiology be more precisely described as "the law of increasing anoxia". Little is contained in the literature concerning the time factor, although most authors take cognizance of it. Langton Hewer (1943) says: "Modern anaesthesia has made possible operations of a severity and duration unthought of thirty years ago. There is a regrettable tendency, however, to-prolong operations and thus increase shock. Overdose of an2esthetic, relative or abs.olute, oxygen deficiency and excessive duration of operation become cumulative after a certain length of time." Hewer quotes G. Kaye who states:
"It is now generally held that a patient,must not be left for more than twenty minutes with a systolic pressure below 80 mm.Hg or a diastolic pressure of loss than 60 mm.Hg. If this is appreciably exceeded, death is extremely probable within forty-eight hours" (Kaye, 1937) . Nosworthy (1935) considers that the duration of operation is important in so far as the longer a shock-producing factor is in action, the greater will be the degree of shock produced. He continues: "Whether it is better in the absence of regional anesthesia to cram a number of shock impulses into a -short space of time and finish the operation quickly or to spread the same number of similar impulses over a longer period is questionable." Whilst in intrathoracic and intracranial surgery it may be necessary to allow intervals in order that retraction pressure on vital structures should be intermitted, for most operations under general anaesthesia there can be little doubt that, provided the viscera are handled with reasonable gentleness, there is no call to prolong the time unduly in order to reduce the shock-producing effect of sensory stimulation. The longer the operating time, the greater will be the heat and fluid loss and toxicity from the anasthetic agent. Magill (1938) , discussing post-operative morbidity, states: "It has been shown that the nature and duration of the operation have as great a bearing on the incidence of postoperative pulmonary complications as, the anaesthetic used. The depth of anesthesia required in the case of an upper abdominal operation subjects the pulmonary bases to a period of inactivity from which only the robust patient can escape unharmed." To this one might add that the sluggish venous drainage which follows reduced pulmonary activity aggravates the state of sub-oxygenation already present, and so hastens the development of anoxia which, as Chase (1941) has pointed out, is the biggest single hazard to which the surgical patient is exposed. The longer the period of respiratory depression, the greater will be that hazard,
The opinion of the majority of surgeons and anaesthetists would probably hold that the problem is not simply one of the time taken to perform the operation, but the period during which the patient is subjected to the influerice of depressant drugs. The premedication, the anaesthetic proper and the post-anaesthetic medication given in the first seventy-two hours, are all concerned together. To follow heavy premedication with prolonged deep general anaesthesia or to allow an anoxic state to supervene during spinal or regional analgesia, can only result in such a degree of post-operative, respiratory and circulatory depression that the patient's life is placed in jeopardy. Dawkins (1936) and others-have emphasized the detrimental effects of excessive premedication and basal narcosis.
The factor of post-medication is important in so far as it effects a prolongation of the deranged physiology produced during operation. The nature of the operation may be significant, not only for the abnormal conditions which it creates at the time, but also for the more immediate after-effects on the patient, and the extent to which sedative and analgesic drugs may be required. In this connexion an investigation was made into the morbidity and mortality in a series of operations for perforated peptic ulcer-all performed in the same surgical unit.' Of 275 cases, 231 were treated by simple suture and 44 had gastro-jejunostomy done in addition. Post-operative respiratory complications developed in 37 (16%) of the former group with 16 deaths (6.9%), whilst in the latter group the figures were 3 (7%) and 1 (2.3%) respectively. Deaths from other causes such as circulatory failure, peritonitis, &c., were practically in equal ratio in the two groups, being 12'6% and 13-06/. Post-operative progress of the gastro-jejunostomy cases was usually smoother, possibly due to an absence of spasm in the cedematous perforation area. In such circumstances, less post-operative analgesic sedation is Section of Ancesthetics 459 necessary, an important factor in preventing the undesirable prolongation of respiratory and circulatory depression. Judin (1937) reported a series of 418 operations for perforated peptic ulcer. Of 381 treated by resection (Billroth, I., or Polya-Balfour) 26 died (7-8%). Suture of ulcer and gastro-jejunostomy were performed in 35 cases with 5 deaths (14-3%), and in 52 cases of simple suture 23 died (44.2%). It is probable that a more comfortable post-operative period follows after removal of the ulcer-bearing area than after more conservative measures. It must also be remembered that probably the fitter patients had the gastro-enterostomy as well.
The series of 231 cases upon which simple suture was performed was reviewed (tables not reproduced) from the standpoint of anmesthetic technique. The majority of these, numbering 186, were given an inhalational anaesthetic, ether being the main agent. In the earliest cases of the series perhalational ether by the Ogston mask was employed. Then followed a period when the routine anaesthetic was endotracheal gas, oxygen and ether, administered from Boyle's apparatus with dry flowmeters. The patients in the latest chronological group had ether and oxygen by the closed circuit CO2 absorption technique. Respiratory morbidity after operation showed a similar incidence when the simple mask method and closed circuit apparatus were used, the figures being 13-8% and 12I1%. The disappointing figure for the closed circuit method is possibly accounted for by the fact that the majority of the a'nesthetics were administered by students, and the tendency with inexperienced personnel using such apparatus is to maintain an2esthesia at too deep a plane. In any case, simple closure of a perforated peptic ulcer is rarely a long procedure, and the usual time of ten to thirty minutes does not allow for the disadvantages of the open method to become apparent any more than it makes manifest the virtues of the closed circuit technique. It is in longer operations of one hour and upwards that the advantages of the latter become obvious.
The outstanding feature, however, was the high respiratory morbidity (27 %) and respiratory mortality (8%) which occurred in the patients anesthetized with gas, oxygen and ether delivered through an endotracheal tube and from a semi-closed apparatus (Boyle). This method has two adverse physical features, (1) the by-passing of the nose which is the natural air-conditioning apparatus of the body, and (2) the low temperature of the anesthetic vapour. In regard to (1), the nostrils warm and add water vapour to the inhaled air. As much as one litre of water may be secreted and vaporized thus in twenty-four hours (Thomson and Negus, 1937) . The mechanism is a self-regulating one which adjusts itself according to the temperature and humidity of the entering air. If the nose is by-passed as in bronchoscopy, there is a loss of heat and water vapour with each exhalation and no compensation during inhalation. This causes drying and irritation of the bronchial mucosa with some appreciable constriction in calibre of the bronchi and bronchioles, a condition which can be reversed by the insufflation of warm, moist air (Martin, 1942) . Some degree of water vapour loss with inadequate replacement must take place twhen a patient continues to breathe for any considerable time through an endotracheal tube connected to a semi-closed apparatus and this must be an important contributory factor in the higher incidence of respiratory morbidity when such a method is used. In investigating (2), the temperature :of the anaesthetic vapour, each case was intubated and a heat insulated thermocouple lead pas,sed down inside the tracheal tube until its terminal lay just in the bevelled distal opening. The temperature recorded at the bifurcation of the trachea was that of the air or anaesthetic vapour at that point, and not a contact temperature of the tracheal mucosa. Other terminals were placed in the rectum, the soda lime and the ether vaporizer. Space does not permit of reproduction of the temperature charts, but briefly the observations were as follows.
Under intravenous pentothal sodium anmesthesia the temperature of the tidal air at t,he tracheal bifurcation was 340 to 350 C. (theatre temperature 230 C.). When nitrious oxide and oxygen (total flow, 9 litres per minute) was administered through the tube, the temperature fell 10 to 20 C., but after several minutes returned to almost the original level as a result of rebreathing. The most considerable change occurred when the ga6es were passed through ether in a Boyle apparatus. Falls of temperature of 50 to 70 C. were recorded. This must be of definite significance in prolonged operations, especially when other shock-contributory factors are present, as, for example, blood loss and heat loss by radiation from exposed viscera. The endotracheal administration of gas, oxygen and ether by semi-closed apparatus (Boyle) was found to be more detrimental in regard to heat loss than ether by an open mask. In the latter method the patient does at least have the benefit of some warming by the nose of the vapour he is inhaling, which of course is true also for Boyle's apparatus when a facepiece is used instead of a tracheal tube.
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In cases where a closed circuit apparatus (CO2 absorption) was substituted for a semiclosed one during the course of operation, a rise of 20 to 30 C. in the tempera'ture of the ether oxygen mixture at the tracheal bifurcation was recorded. Even so, this temperature was usually lower than that of the rectum so that heat transference from the body to the circulating vapour was still going on. When, however, the "to and fro" CO, absorption technique was employed, with the soda lime canister and rebreathing bag connected close to the tracheal tube, there was less dissipation of heat by the apparatus, and this, together with the higher temperature maintained in the soda lime, produced a temperature in the trachea at least equal to that in the rectum.
Using cyclopropane the trachea} temperature readings remained constantly higher than those taken in the rectum. This must be a positive aid in counteracting heat loss, particularly during long operations. (Even with an open chest, as in one case of pneumonectomy, this higher temperature was maintained. For efficient maintenance of temperature and conservation of heat and water vapour, the Waters to-and-fro absorption method gave the best results. Although the temperature of the soda lime rises high (500 C. was recorded), the temperature of the gases inhaled is quickly modified and is not excessive (i.e. not above 370 C.) at the bifurcation of the trachea. The low specific heat of gases, the continuous inflow of 300 to 500 c.c. per minute of fresh oxygen and quiet respiration are the chief modifying factors. It should be noted that the environmental (theatre) temperature was relatively low, 230 to 240 C., compared with what pertains in some other climates. Knight (1942) working in theatre temperatures varying from 300 to 370 C., considers that the extra heat from CO2 absorption apparatus causes overheating of the patient, and under such conditions has found it necessary to devise means for cooling the gases.
For a lengthy operation, the technique of closed anaesthesia with CO2 absorption, not only fulfils the requirements of the surgeon, but also helps greatly to mitigate the derangement of respiratory and circulatory function which frequently occurs during long operations and persists in the post-operative period. But even the skilful use of the closed method will not save the patient from the toxic effects of a potent anmesthetic agent distributed throughout the tissues for a long time. If prolonged muscular relaxation is demanded, it should be achieved by nerve block (spinal or regiional) whilst the patient is kept just below the level of consciousness by the administration of nitrous oxide or cyclopropane along with a sufficiently high concentration of oxygen to combat anoxia. Intravenous pentothal sodium is an alternative to gas or cyclopropane, but its dosage throughout a long operation should be minimal and uniformly controlled and adequate oxygenation maintained. The anaesthetist's work does not end at the close of the operation. He must take measures to hasten the elimination of the anaesthetic drug and take an interest and share in the directing of post-medication. Thus will he help still further to modify the time factor by preventing unnecessary prolongation of the effects of the drugs he has administered. Dr. Geoffrey Organe showed a number of anaesthetic records demonstrating instances of prolonged anaesthesia-four to six hours-in patients of ages varying from 8 to 43.
He then continued: These charts, selected as nearly perfect, show that prolonged unconsciousness from anaesthetics, alone, need have no ill-effect whatsoever. For the much commoner case where some degree of operative shock develops, we must look for other factors than time. These examples include a variety of techniques but all except the last were intubated; I cannot agree with Dr. Gillies that intubation has any ill-effect.
Surgical trauma under very light anaesthesia does not, in my experience, cause shock except in one or two special cases such as splanchnic stimulation from rough handling of viscera, and disarticulation of the hip or shoulder-joint. Clumsy induction of anaesthesia with struggling and spasm, and prolonged respiratory obstruction, exhaust the patient and are important contributory factors.
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Of prolonged deep anaesthesia, I have no material on which I could base an opinion. Certainly deep morphine narcosis has no detectable ill-effect.
It is difficult, too, to attribute operative shock to the use of any particular anaesthetic agent.
Prolonged low bloodpressure is said to lead to shock. I have the chart of a woman with an 8th nerve tumour, in whom I produced a fall of blood-pressure from 120/85 to 85/50 mm.Hg by a clumsy induction. The level remained steady until the end of the operation four hours later, and she made a good recovery.
Haemorrhage, whether sudden or sustained, will lead to shock, but this could probably be avoided if our supportive measures were more efficient. Exposure, especially of the chest wall after radical mastectomy, will produce a rapid fall of blood-pressure, whether due to loss of heat and moisture or to stimulation of cut nerves by drying.
Even where shock already exists, the time factor is not necessarily important. A girl of 19 with a pulse-rate of 120 and blood-pressure 80/50 mm.Hg was anaesthetized for nearly four hours with endotracheal nitrous oxide, oxygen and ether for suture of multiple face wounds. Her condition did not deteriorate in any detectable way.
I do not like prolonged oxygen lack and I was surprised to find a chart of a boy of 5 with a cerebral tumour to whom I gave only 11%/ of oxygen for more than four hours. His blood-pressure and pulse were unaltered and he woke on the table.
Sudden change of posture is a most important contributory factor. A woman of 43 had a lumbar sympathectomy under spinal anaesthesia and cyclopropane. The bloodpressure was unaltered for two hours, when too rapid a change from head-down to horizontal produced a severe -fall. Readings taken immediately after an operation may show a fall as big as 50 mm.Hg due to rough handling while cleaning up and applying bandages.
We may avoid these changes even in prolonged severe operations if we use an intravenous barbiturate to ensure smooth induction, and if we use spinal or local with light general anaesthesia. Intravenous saline should be given from the start of a major operation, and blood added at the first sign of a drop in blood-pressure. The importance -of warmth is obvious.
Few thyroidectomies will survive an operation of more than three hours; it may be that our methods of anaesthesia are inadequate.
The only result of the time factor that we cannot avoid is the increased tendency to post-operative chest complications. Mr. Harvey Jackson: Operations on the head require but a minimum of anaesthetic, any depth of anaesthesia being necessary purely for dealing with the scalp, the other structures being more or less insensitive (apart from certain blood-vessels).
What we have to ask ourselves primarily is, how essential is prolongation of operative procedure? Herein lies a problem the answer to which is best studied by reference to the work of that great neurological surgeon, Dr. Harvey Cushing, who showed that speed was by no means essential in intracranial operations, in fact prolongation of the intervention was found to be necessary to the control of cerebral trauma arising out of rapid, if perhaps forceful, manipulation. Cushing, however, was a pupil of Halstead, a surgeon well known for his slowness in operating, and he was imbued by the slowness to the extent of deliberate prolongation as a supposed quality of technique. Pupils of Cushing have seen in this what they interpret in terms of indispensability. No doubt some benefit accrues from the avoidance of forceful manipulation, but the matter has now reached absurdity in that operations may be drawn out over twelve or more hours. This tendency is partly the outcome of present-day specialization before an adequate surgical training has been acquired-a lack of surgical dexterity is veiled in deliberate protraction of the period of intervention. It was my privilege to have worked under the late Sir Percy Sargent, as well as with ardent followers of the so-called Cushing Technique; never shall I forget the manipulative skill of Sargent nor the quality of his results. Dr. Gillies referred in particular to pituitary tumours to offer in defence of a drawnout technique the likelihood of hypothalamic disturbance from rapid approach. In Sir Percy Sargent's hands this operation took little more than one hour, and I am able to say from personal experience of his cases that his results compared favourably with similar cases in other hands. My own time for carrying out a transfrontal operation for pituitary neoplasm is in the neighbourhood of one and three-quarter hours. Dexterous manipulation offers a speedy approach without the risk put forward by Dr. Gillies; indeed, in my opinion, much wider damage to cerebral structure is liable to occur from tardy procedure as prolonged retraction must hold coincident devascularization of the retracted tissues.
On occasions when presented with very ill children both Dr. Mennell and I have felt that only by curtailment of the duration of the operation could any reasonable prospect of post-operative recovery be contemplated. Thereupon we have decided, as far as reasonably practicable, to restrict the operation to an hour, and I may add that the anaesthetic employed has been chloroform. This at the present day would appear almost heretical, but the value of such a drug is now nearly forgotten. The use of -chloroform in these circumstances has proved most satisfactory, but that statement must not be taken to imply that it should be administered by those unaccustomed to its use.
Dr. Gillies has shown some most interesting figures, but how misrepresentative statistics can be. Reading into his figures of the various forms of intervention applied to the treatment of a perforated ulcer it can be seen how ludicrous an interpretation could be drawn; in suggesting that to attain improvement in morbidity or mortality rates, relying on his figures, one has only to supplement closure of the perforation by such measures as appendicectomy, gastro-enterostomy, or even partial gastrectomy.
Major R. A. Gordon, R.C.A.M.C.: Dr. Organe has presented one case of a patient undergoing intracranial operation, who suffered a long period of hypotension with systolic pres-sure of round 80 mm.Hg for a matter of hours, with uneventful recovery, and ventures the opinion that such a period of hypotension has no adverse effect on such a patient. All those who have had experience with this type of patient will agree with me that such a prolonged period of hypotension definitely prejudices the patient's post-operative recovery. He has also shown records of a case in which an operation, lasting some three hours, was undertaken on a patient who suffered from hypotension with systolic pressure of around 80 mm.Hg. He pointed out that this patient was apparently undisturbed by such a period of profound hypotension, and stated that it was his opinion that in such patients under light anwsthesia such hypotension was not of great consequence. I feel very strongly that it is an error of judgment to expose any patient suffering from such a degree of hypotension to anaesthetic or operative procedures, unless these be immediately necessary for preservation of life, without first treating the circulatory collapse.
The duration of anaesthesia is certainly of importance in the case of patients who have, or will have post-operatively, pus or blood, or other foreign matter in the mouth and pharynx. No matter how lightly a Datient may be anaesthetized during operation the post-anaesthetic period of depression is directly related to the duration of anaesthesia, and it is necessary that patients of this type should be fully recovered at the earliest possible moment.
Dr. Z. Mennell said that from the anaesthetist's viewpoint, always presupposing the same gentleness and skill on the part of the surgeon, the quicker an operation is done, the less shock for the patient. In 'his Embley lecture in Melbourne he had hinted that he could not understand and did not like the modern deliberate surgery. For this he had been seriously attacked by the Australian Medical Journal, but with the help of the late Sir Squire Sprigg they had been obliged to publish a reply which contained figures which could not otherwise have been properly quoted by an anaesthetist. Enough had been said about cerebral surgery and his views were well known by the Section.
To turn to other branches of surgery, he cited prostatectomy where speed was certainly an important factor, for reasons that must be obvious. He was firmly convinced from long experience that speed was one of the greatest factors of safety in surgery, and there was a tendency for some surgeons to abuse the skill of the anaesthetist, and to carry out an excessive technique at the expense of surgery and to the ultimate detriment of the patient. [Maj 7, 1943] Trichlorethylene Anesthesia by the Single-Dose Method By A. H. GALLEY, M.B., B.S., D.A.
Introdictioni.-The use of trichlorethylene by the new method was quite fortuitous and was due to the fact that at one time vinyl-ether had been in short supply thereby compelling the speaker to search for an alternative agent. The method had been employed for anasthetizing children both for dental extraction and guillotine tonsillectomy. The dental clinics of the Borough of Tottenham were chosen for the original research as it was there possible to arrange whole sessions of children only (or mainly of children), thus facilitating the comparison of the effect of varying dosage from case to case, also because the health visitors of the borough could follow up and report upon the condition of the patients the next day.
Apparattis.-Two similar pieces of apparatus had been used: the Goldman inhaler and its Oxford modification; the latter proving the better as it was possible to produce a gradual increase of vapour tension and consequently a smoother induction.
Dosage.-I 5 c.c. had proved adequate for dental extractions but for the guillotine tonsillectomies larger quantities had proved necessary, i.e. 3 c.c. for children up to 5 years of age and 5 c.c. for older children.
Induction.-Dental cases required no premedication and air could be given as required by manual occlusion of the neck of the rebre%athing-bag at the commencement of an inspiration, when the emergency inspiratory valve would come into action. One or two breaths of air were enough during most inductions, the colour remaining rem.arkably good. (Each case must be treated upon its merits, however.) After from 60 to 90 seconds automatic respiration became established and another 20 to 40 seconds rebreathing were necessary to produce a useful length of anasthesia; within limits the longer rebreathing was kept up the longer was the anacsthesia that ensued. In Dr. Galley's opinion an estimation of the length of anmesthesia likely to be produced was more difficult than when using vinyl ether; he therefore erred on the short side as owing to the well-known amnesic effects of trichlorethylene, even if the last tooth or two were extracted with a whimper no memory of the event remained. The addition of oxygen to the mixture had proved redundant and, indeed, it only retarded the induction. When anaesthetizing for tonsil-
